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® Catheter. 

© A catheter includes an inner layer, an outer 
layer, and an intermediate layer arranged between 
the inner and outer layers. This intermediate layer 
including a coil layer having a double layer coil 
portion composed of an inner coil wound in a first 
direction and an outer coil wound around the outside 
of the inner coil in a second direction that is op- 
posite to the first direction, wherein the inner coil 
and the outer coil are formed from flat members 
whose ratios of thickness to width of cross section 
are less than 1. The intermediate layer further in- 
cludes a rigid layer having a rigidity higher than at 
least one of the rigidities of the inner and outer 

FIG. I 



layers. The rigid layer is arranged in a main body 
portion positioned in a proximal side of the catheter 
and the coil layer is arranged at least in a tip portion 
of the catheter which is positioned in a distal side of 
the catheter. The catheter further includes a distal 
end portion which has the largest flexibility among 
the portions of the catheter, and the intermediate 
layer is not arranged in the distal end portion. The 
distal end portion includes X-ray image forming ele- 
ment. The catheter further includes a hydrophilic 
lubricant layer provided around the inner layer 
and/or the outer layer. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a catheter, and 
in particular relates to a catheter used in medical 
surgeries carried inside blood vessels, selective 
injection of carcinostatic agents or angiography or 
the like. 

Description of the Background Art 

In recent years, it has become possible to 
replace certain medical surgical operations with 
medical surgeries that are carried directly inside 
blood vessels by inserting catheters into the blood 
vessels percutaneously to perform medical treat- 
ments to lesion parts of the blood vessels. In such 
inner-vessel medical surgeries, a catheter must be 
selectively inserted into a predetermined position in 
the narrow blood vessels which are meandered in 
complex and have many branches. 

For example, when carrying out an inner-vessel 
medical surgery procedure so called as embolec- 
tomy which' is to be performed to an aneurysm or 
arteriovenous tumor which sometimes appears in a 
blood vessel within the brain or the like, the tip of a 
small diameter catheter is selectively passed 
through a blood vessel of the brain until it reaches 
the lesion part or the vicinity thereof. Then, a 
liquid-type thrombus agent such as cyanoacrylate 
or solution of ethylene-vinylalcohol copolymer us- 
ing dimethyl-sulfoxide as a solvent, a granulated- 
type thrombus agent such as polyvinylalcohol, or a 
thrombus member such as a tiny coil is brought to 
the tip of the catheter through a lumen thereof and 
then it is applied to or put on the lesion part from 
an opening formed on the tip of the lumen. When 
carrying out such procedures which involve the 
injection or application of a liquid-type thrombus 
agent, a medicine or a contrast agent into a narrow 
blood vessel, a narrow-diameter catheter must be 
selected and used in accordance with the purpose 
of the procedure. 

Accordingly, these small-diameter catheters 
must have operability by which the catheter can be 
passed through a complex network of narrow blood 
vessels quickly and reliably in addition to chemical 
and biochemical safeness which are always re- 
quired in commercially available catheters. Further- 
more, in order to carry out injection of the throm- 
bus agents as described above, the catheter is also 
required to have a sufficient chemical resistance, 
and in particular to have a sufficient solvent resis- 
tance which can prevent alternation from being 
caused in the catheter when the catheter contacts 
such solvents as dimethyl-sulfoxide (DMSO) or the 
like. 



In more detail, the operability of the catheter 
described above includes the following characteris- 
tics or abilities. Namely, a catheter is required to 
have sufficient pushability and torque transmission 
5 ability. The pushability means the characteristics of 
the catheter that can reliably transmit a pushing 
force given by an operator at the base end of the 
catheter to the distal end thereof. The torque trans- 
mission ability means the characteristics that can 
10 reliably transmit rotational force applied to the base 
end of the catheter to the distal end thereof. Fur- 
ther, it is also required for a catheter to have 
follow-up characteristics and kink resistance char- 
acteristics. The follow-up characteristics mean the 
75 ability by which the catheter can advance smoothly 
within meandered blood vessel along a guide wire 
which has been in advance inserted into the blood 
vessel without causing injury to the blood vessel 
walls. The kink resistance characteristics mean the 
20 ability of the catheter that can prevent it from being 
bent by bent portions or curved portions of the 
blood vessel even after the catheter has reached 
the object position and the guide wire has been 
removed. Moreover, in order to effectively exhibit 
25 these characteristics, the outer surface of the cath- 
eter must possess lubrication characteristics. 

These characteristics required to the catheter 
becomes difficult to obtain as the diameter of the 
catheter is reduced. As for the prior art for giving 
30 the pushability and the follow-up characteristics, 
there has been developed and proposed a catheter 
having a main body portion at the proximal side 
thereof which is formed into a double or two layer 
structure. The double layered structure is formed 
35 from a relatively rigid inner tube and a relatively 
flexible outer tube which covers the outer surface 
of the inner tube and has a portion that protrudes 
over the tip end of the inner tube. 

One such example of the prior art catheter is 
40 disclosed in National Publication of the translation 
version of Utility Model No. 60-500013. The cath- 
eter is provided with an inner tube layer made of 
polyamide and an outer layer made of urethane, 
and the tip portion of the inner tube is formed into 
45 a tapered shape in such a manner that the inner 
diameter thereof is gradually increased. However, 
such a catheter has less solvent resistance since 
the outer tube layer is made of urethane, and this 
makes the catheter unsuitable for embolectomy 
so use. Furthermore, in the prior art catheter, since 
there is a sudden change in rigidity at the bound- 
ary section between the portion comprised of the 
two tube layers of urethane and polyamide and the 
portion comprised of the single tube layer of 
55 urethane, the catheter is likely to be bent at that 
portion during operation. Namely, the catheter is 
likely to be bent or damaged due to the concentra- 
tion of force at the boundary section between the 
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two tube layers and the single tube layer. In par- 
ticular, at the section in which only the single tube 
layer of urethane is arranged, stress is likely to be 
concentrated to the boundary section between the 
above two portions, because the single tube layer 
has fixed inner and outer diameters and has a 
uniform rigidity even at the tip portion thereof, 
which results in occurrence of kinks. Further, such 
structure makes it difficult for the catheter to follow 
the branches and bent portions within a blood 
vessel. That is to say, the prior art catheter has 
less follow-up characteristics. 

Another example is shown in U.S. Patent No. 
4,636,346. The U.S. Patent discloses a guiding 
catheter which is comprised of a main section 
having a triple or three layer structure and a tip 
section having a double layer structure that ex- 
tends from the tip of the main section. In this 
construction, the main portion has an intermediate 
layer having a relatively high rigidity provided be- 
tween an inner layer and an outer layer. However, 
as the distal portion of the catheter is not provided 
with this intermediate layer, its torque transmission 
ability and kink resistance characteristics are not 
sufficient. 

Yet another example is shown in Japanese 
Laid-open Patent Publication No. 57-173065. This 
Laid-open publication discloses a catheter having a 
helically wound wire which is provided inside the 
catheter. This catheter is composed of a tube 
which extends along roughly the entire length of 
the catheter and a helically wound wire which ter- 
minates at the middle of the tube. However, in this 
catheter, since the helically wound wire is directly 
exposed inside the inner cavity of the catheter 
(lumen), there is the possibility that the lumen is 
clogged by a thrombus agent or a thrombus mem- 
ber. Further, there is also the possibility that a 
guide wire is caught by the helically wound wire 
when the guide wire is inserted. For these prob- 
lems, it is required for an operator to operate the 
catheter carefully. 

A further example is shown in U.S. Patent No. 
5,178,158. The U.S. Patent discloses a catheter 
having a single coil layer which is provided inside 
an intermediate layer made of polyimide and an 
outer layer made of polytetrafluoroethylene, in 
which the distal portion of the catheter is con- 
stituted so as to be more flexible than the proximal 
portion by making the pitch of the coil in the distal 
portion greater than the pitch of the coil in the 
proximal portion. However, in this catheter, since 
the single coil layer is formed of a coil wound in 
only one direction, the catheter has insufficient 
torque transmission and kink resistance character- 
istics. In particular, with regard to the torque trans- 
mission characteristics of the catheter, it depends 
on the rotational direction of the catheter. Namely, 



the torque transmission characteristics of the cath- 
eter are relatively good when the catheter is rotated 
in the direction that tightens the coil, but the torque 
transmission characteristics of the catheter are rel- 

5 atively poor when the catheter is rotated in the 
opposite direction, that is, the direction that loosens 
the coil. Accordingly, the catheter has limited 
torque transmission characteristics in one direction 
of rotation, and this results in poor operability for 

10 the catheter. Moreover, in the same manner as was 
explained in the preceding paragraph for the cath- 
eter disclosed in Japanese Laid-open Patent Pub- 
lication No. 57-173065, because the coil is directly 
exposed inside the lumen, there is the possibility 

75 that the lumen is clogged by a thrombus agent and 
there is also the possibility that a guide wire is 
caught by the helically wound wire when the guide 
wire is inserted. Further, the sliding resistance of 
the guide wire is unavoidably increased. For these 

20 reasons, the operability of the catheter is not so 
good. 

SUMMARY OF THE INVENTION 

25 In view of the prior arts as described above, 

the main object of the present invention is to pro- 
vide a catheter having excellent operability. 

Another object of the present invention is to 
provide a catheter having excellent kink resistance 

30 characteristics. 

Yet another object of the present invention is to 
provide a catheter having excellent torque trans- 
mission ability, that is a catheter which exhibits 
excellent torque transmission ability in spite of the 

35 rotational direction of the catheter. 

Other object of the present invention is to pro- 
vide a catheter having excellent follow-up char- 
acteristics which enable the catheter to surely fol- 
low a guide wire or bent portions of blood vessels. 

40 Further object of the present invention is to 

provide a catheter having excellent pushability. 

Further object of the present invention is to 
provide a catheter having excellent chemical resis- 
tance and solvent resistance property. 

45 Further object of the present invention is to 

provide a catheter which is suitable for use in 
medical treatments for blood vessels in the brain. 

Yet further object of the present invention is to 
provide a catheter instrument provided with such a 

so catheter as described above, and in particular to 
provide such a catheter which is suitable for use in 
medical treatments for blood vessels in the brain. 

In order to achieve these objects, a catheter 
according to the present invention comprises an 

55 inner layer; an outer layer; and an intermediate 
layer arranged between the inner and outer layers, 
the intermediate layer including a coil layer having 
a double layer coil portion composed of an inner 
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coil wound in a first direction and an outer coil 
wound around the outside of the inner coil in a 
second direction that is opposite to the first direc- 
tion, wherein said inner coil and said outer coil are 
formed from flat members whose ratios of thick- 
ness to width of cross section are less than 1 . 

In the present invention, it is preferred that the 
intermediate layer further includes a rigid layer 
having a rigidity higher than at least one of the 
rigidities of the inner and outer layers. 

Further, it is also preferred that the catheter 
has a main body portion is positioned at a proximal 
side of the catheter in an axial direction thereof and 
a tip portion at a distal side of the main body 
portion, in which the rigid layer is arranged in the 
main body portion and the coil layer is arranged at 
least in the tip portion. 

Further, it is also preferred that the rigid layer 
is arranged such that at least a part of the rigid 
layer overlaps the coil layer. In this case, prefer- 
ably, the rigid layer has a rigidity reducing means 
for reducing the rigidity of the rigid layer at a tip 
side of the rigid layer. 

Furthermore, it is preferred that the coil layer 
has a first portion having a relatively high rigidity 
and a second portion having a rigidity less than 
that of the first portion, and the second portion is 
positioned at the distal side of the catheter than the 
position of the first portion. 

Moreover, it is also preferred that the double 
coil layer portion has a tip end, and the coil layer 
further includes a single coil layer coupled to the 
tip end of the double layer coil portion, and the 
single coil layer is formed from either of the inner 
or outer coil. In this case, preferably, the rigidity of 
the inner coil is different from that of the outer coil. 

Moreover, it is also preferred that the coil layer 
is arranged over a substantially entire length of the 
catheter. In this case, the inner layer is preferably 
arranged over a substantially entire length of the 
catheter. 

Further, it is preferred that the inner layer has a 
constant inner diameter along the entire length of 
the catheter, and the inner layer has an inner 
surface which defines a lumen and the inner sur- 
face is formed into a smooth surface having no 
step portion. In this case, the inner surface of the 
inner layer is formed so as to have a low frictional 
characteristic and the inner surface has a chemical 
resistance property. As for the materials for con- 
structing the inner layer, at least one material se- 
lected from the group consisting of soft fluorine- 
based resin, low density polyethylene and de- 
naturated polyolefine is adopted. 

Furthermore, it is also preferred that the outer 
layer is formed from a heat shrinkable resin which 
is shrunk when heated. 



Moreover, it is also preferred that the outer 
layer includes at the proximal side of the catheter a 
first region which is relatively rigid, and at the distal 
side from the first region a second region which is 

5 relatively flexible. 

Further, it is preferred that the outer layer has 
a coupling section disposed between the first and 
second regions for coupling these regions, and the 
coupling section has a rigidity between the rigidit- 

70 ies of the first and second regions. 

Furthermore, it is also preferred that the cath- 
eter further comprises a hydrophilic lubricant layer 
provided around the inner layer and/or the outer 
layer. In this case, it is also preferred that the 

75 hydrophilic lubricant layer has anti-thrombogenic 
characteristics. 

Moreover, it is also preferred that the catheter 
further includes a distal end portion which has the 
largest flexibility among the portions of the cath- 

20 eter, and the intermediate layer is not arranged in 
the distal end portion. In this case, preferably, the 
distal end portion includes X-ray image forming 
element. 

Furthermore, it is preferred that the catheter be 

25 adapted for insertion into cerebral blood vessels. In 
this case, the outer diameter of the catheter is 
preferably less than or equal to 1.0mm, and the 
outer diameter of the tip portion is preferably less 
than or equal to 0.8mm. 

30 Another aspect of the present invention is di- 
rected to a catheter instrument, which comprises: a 
catheter including an inner layer; an outer layer; 
and an intermediate layer arranged between the 
inner and outer layers, the intermediate layer in- 

35 eluding a coil layer having a double layer coil 
portion composed of an inner coil wound in a first 
direction and an outer coil wound around the out- 
side of the inner coil in a second direction that is 
opposite to the first direction, wherein said inner 

40 coil and said outer coil are formed from flat mem- 
bers whose ratios of thickness to width of cross 
section are less than 1 ; and a guide wire which is 
used by being inserted into a lumen defined by the 
inner layer of the catheter. 

45 In this case, it is preferred that the guide wire 

is composed of a core member, an X-ray image 
forming element provided at a tip portion of the 
core member, and a coating layer which covers the 
outer surface of the core member. Alternatively, it 

so is also possible to constitute the guide wire from a 
core member, a coating layer which covers the 
outer surface of the core member and a hydrophilic 
lubricant layer fixed onto the outer surface of the 
coating layer. 

55 Another aspect of the present invention is di- 
rected to a catheter instrument, which comprises: a 
catheter including an inner layer; an outer layer; an 
intermediate layer arranged between the inner and 
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outer layers, the intermediate layer including a coil 
layer having a double layer coil portion composed 
of an inner coil and an outer coil, wherein said 
inner coil and said outer coil are formed from flat 
members whose ratios of thickness to width of 
cross section are less than 1; and a guiding cath- 
eter having a lumen through which the catheter is 
inserted. 

In this case, it is preferred that the guiding 
catheter has inner and outer surfaces, and a hydro- 
philic lubricant layer is arranged onto the inner 
and/or outer surface. 

DESCRIPTION OF THE INVENTION 

Hereinbelow, the structure of the catheter ac- 
cording to the present invention will be explained in 
more detail. 

In particular, the catheter of the present inven- 
tion is formed so as to have a relatively small 
diameter. Namely, it is preferred that, the outer 
diameter of the catheter be less than or equal to 
1.0mm, and it is further preferred that the outer 
diameter of the tip portion of the catheter be less 
than or equal to 0.8mm. In this way, the catheter of 
the present invention will be preferably adapted for 
insertion into cerebral blood vessels. 

The relatively flexible inner layer is formed of a 
synthetic resin tube. It is preferred that the inner 
layer extends over the substantially entire length of 
the catheter, but it is possible to connect a sepa- 
rate member in the middle of the inner layer. For 
example, in a case where the tip portion of the 
catheter is required to have more flexibility, an 
inner layer at the tip portion can be formed of more 
flexible material, and thus formed inner layer can 
be connected to the inner layer on the main body 
portion. Further, it is also possible to employ a 
tube-shaped member as the inner layer, in which 
the tube-shaped member is formed by extrusion 
molding in accordance with following process. 
Namely, a portion of the tube-shaped member cor- 
responding to the main body portion is first formed 
by extrusion molding using a relatively rigid ma- 
terial, a next portion of the tube-shaped member 
corresponding to the boundary section between the 
main body portion and the tip portion is then 
formed by extrusion molding using the relatively 
rigid material into which a relatively flexible ma- 
terial is gradually being added to decrease its 
rigidity, and a portion of of the tube-shaped mem- 
ber corresponding to the tip portion of the catheter 
is finally formed by extrusion molding using only 
the relatively flexible material, Specifically, this 
tube-shaped inner layer is formed from the integ- 
rally formed tube-shaped member including a main 
body portion which is formed of the rigid material, 
a tip portion which is formed of the flexible ma- 



terial, and a boundary portion which is positioned 
between the main body portion and the tip portion 
and which is formed of the material in which the 
ratio of the flexible material contained therein in- 

5 creases toward the tip direction while the ratio of 
the rigid material contained therein decreases. 

The inside of the above described inner layer 
constitutes a lumen which is a longitudinal space 
through which guide wires, medicines, thrombus 

10 agents or the like can be passed. In this case, it is 
preferred that the diameter of the lumen, that is the 
inner diameter of the inner layer is constant from 
the main body portion to the tip portion. However, 
the inner diameter of the inner layer at the tip 

75 portion can be reduced toward the distal end of the 
catheter. In this case, the outer diameter .of the 
outer layer at the tip portion is also reduced toward 
the distal end. Further, the thickness of the inner 
layer at the tip portion may be the same as that of 

20 the inner layer at the main body portion. However, 
it is preferred that the thickness of the inner layer 
at the tip portion is thinner than that of the main 
body portion, because such construction improves 
flexibility of the catheter. 

25 It is preferred for the materials for constructing 

the inner layer to have excellent chemical resis- 
tance characteristics so as not to receive any in- 
verse effects from medicines which are passed 
therethrough. In particular, as for the catheter for 

30 use in embolectomy, it is preferred that the materi- 
als for constructing the catheter have solvent resis- 
tance characteristics since there are cases that the 
thrombus agents contain solvents such as DMSO, 
ethanol, or cyanoaclylate or the like. 

35 Further, in order to improve slidability when 

guide wires as described later are passed through 
the lumen or in order to make passage of a throm- 
bus member such as a tiny coil easy, it is pre- 
ferred that the inner layer is formed of the materi- 

40 als which can impart good slidability and provide 
smooth inner surface. For this reason, materials 
which can satisfy flexibility, chemical resistance 
characteristics and slidability are preferably used. 
For example, soft fluoroethylene resin such as flu- 

45 orine-contained elastomer or the like, linear low 
density polyethylen (LLDPE) and denaturated 
polyolefine can be used as the materials. Further, it 
is also preferred that hydrophilic treatment is ap- 
plied onto the inner surface of the inner layer in 

50 order to improve the slidability further. This hydro- 
philic treatment can be made by the method that 
forms hydrophilic lubrication layer described later 
or the method that water swilling compound is fixed 
to the inner layer directly or by means of binders. 

55 The above described intermediate layer pro- 
vided in the main body portion is composed of a 
rigid layer and a coil layer, and the intermediate 
layer provided in the tip portion is formed of a coil 
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layer. In another example of the intermediate layer, 
it is formed from a rigid layer provided in the main 
body portion of the catheter and a coil layer which 
is provided so as to extend from the tip end of the 
rigid layer over the tip portion of the catheter. 
Further, in the other example for the intermediate 
layer, it is formed from a coil layer provided over 
the main body portion and the tip portion, in which 
a portion of the coil layer provided in the main 
body portion is formed from a double coil layer 
comprised of two coils wound in opposite direc- 
tions to each other. 

The intermediate layer is provided around the 
outside of the inner layer as well as inside the 
outer layer described later. Either one of the coil 
layer and the rigid layer may be provided inside 
the other layer. The intermediate layer is not nec- 
essarily bonded to the inner layer and the outer 
layer if the torque transmission ability and the 
pushability of the catheter is practically useful. 
However, if at least the tip end and the base end of 
the intermediate layer are bonded to these layers, 
the torque transmission ability and the pushability 
of the catheter is improved. 

The rigid layer described above has relatively 
high rigidity, and it is provided in order to improve 
rigidities in the axial direction, circumferential direc- 
tion and radial direction of the catheter and im- 
prove the pushability that is the ability for transmit- 
ting pushing force added at the base end of the 
catheter to the tip end thereof. In this regard, it 
should be noted that in a case where the inner and 
outer layers have a fairly high rigidity or in a case 
where the rigidity of the coil layer is sufficient for 
the required rigidity, it is possible to omit the 
provision of the rigid layer. The thickness of the 
rigid layer is set so as to be constant along the 
axial direction of the catheter. However, it is possi- 
ble to construct the rigid layer such that the thick- 
ness thereof at the tip portion of the catheter is 
gradually reduced toward the distal end thereof. 
Further, it is also possible to form a spiral-shaped 
slit on or near the tip end of the rigid layer. The 
pitch of the spiral-shaped slit may be a constant 
size. However, it is preferable to change the pitch 
continuously or in a stepwise manner toward the 
the tip end of the rigid layer. Furthermore, at.the tip 
end of the rigid layer, it is possible to form a 
plurality of slits which extend in the axial direction. 
These slits may be formed so as to cut the rigid 
layer or not. 

As for the material for constructing the rigid 
layer, it is not limited to a specific material even if 
it can improve the rigidities in the axial direction, 
circumferential direction and radial direction of the 
catheter and can have the pushability that is the 
ability for transmitting pushing force added at the 
base end of the catheter to the tip end thereof. In a 



case where plastic materials are used, preferable 
example includes polyimide or liquid-crystal poly- 
mer or the like. Further, the rigid layer may be 
formed into a metal layer formed from a pipe or 
5 mesh of stainless steel (SUS304) or a metallic 
braid. Furthermore, a braid which covers the outer 
surface of the coil layer so as to restrict possible 
deformation of the coil can be used as the rigid 
layer. 

w The coil layer described above is provided in 

order to impart excellent torque transmission ability 
and anti-kinking characteristics, which in turn fur- 
ther improves the pushability. The coil layer is 
provided so as to extend at least from the tip end 

75 of the rigid layer to the distal end of the catheter. It 
is of course possible to arrange such a coil layer 
so as to extend roughly the entire length of the 
catheter. By providing the coil layer from the tip 
end of the rigid layer (a portion where the rigid 

20 layer terminates) to the distal side thereof as de- 
scribed above, the difference in rigidity which is 
caused by presence or not presence of the rigid 
layer can be moderated, thereby enabling to pre- 
vent kink from being caused. Further, it is also 

25 possible to reduce the thickness of the rigid layer 
at the tip end thereof. In this way, the anti-kinking 
characteristics are further improved. In this case, it 
is preferred that the coil layer terminates before the 
distal end portion of the catheter. As a result, the 

30 distal end portion becomes the most flexible por- 
tion in the catheter. 

The coil layer includes a double layer coil 
portion which is composed of an inner coil and an 
outer coil which are wound in opposite directions. A 

35 single layer coil can be coupled to the double layer 
coil portion. Further, it is also possible to use a 
triple layer coil which is formed by winding a single 
layer coil onto the double layer coil. 

Each coil which form the respective coil portion 

40 is preferably formed from flat members whose ra- 
tios of thickness to width of cross section are less 
than 1 . In this case, examples of the flat members 
include a flat coil wire, a flat tape and a flat ribbon. 
Further, the flat members can be formed from a flat 

45 filamentous member formed by cutting out a pipe 
shaped member helically, for instance. The cross 
section of the flat members are not limited to a 
quadrilateral shape or a rectangular shape. It is 
possible to form the cross section of the flat mem- 

so bers so as to have a long ellipse shape or any 
other four-cornered shape. In this way, it is possi- 
ble to construct a catheter having an outer diam- 
eter of less than or equal to 1.0 mm, which makes 
it possible to achieve the results described pre- 

55 viously above. 

Winding pitch of the coil positioned at the main 
body portion of the catheter may be the same as 
that of the coil positioned at the tip portion of the 
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catheter. However, it is of course possible to 
change the pitch at a part of the coil in order to 
change the distribution of the rigidity of the coil. In 
this regard, it should be noted that the pitch means 
the distance including the width of the flat member 
which forms the coil (in a case where the flat 
member is formed into a flat coil wire which has a 
cross section of rectangular shape, the width of the 
coil means the length of the longitudinal edge 
thereof) and the spacing between two adjacent 
windings of the coil wire. For example, if the coil 
spacing of a coil positioned in the main body 
portion is smaller than that of a coil positioned in 
the tip portion, if the width of a coil positioned in 
the main body portion is larger than that of a coil 
positioned in the tip portion, or if the thickness of a 
coil positioned in the main body portion is larger 
than that of a coil positioned in the tip portion, it 
becomes possible to improve the rigidity of the 
main body portion of the catheter rather than that 
of the tip portion thereof. Further, if the coil pitch is 
changed so as to be larger, the width of the coil is 
changed so as to be smaller or the thickness of the 
coil is changed so as to be thinner in the region 
which extends from the tip end of the rigid layer 
where the rigid layer terminates toward the distal 
end of the catheter, it becomes possible to change 
flexibility of the main body portion and the tip 
portion of the catheter in a stepwise manner includ- 
ing three step portions or four step portions, or 
continuously (in no stepwise manner). 

Further, in the double layer coil portion, it is 
possible to construct it so that the flexibility of the 
inner coil is different from that of the outer coil. As 
the means for changing the flexibility, for example, 
the thicknesses of the coils or the construction 
materials of the coils may be changed. Further, it is 
also possible to change the cross-sectional shapes 
or the coil pitches of these coils. Furthermore, any 
combination of these methods can be adopted. In 
this case, the coil layer may be formed into a 
structure in which the coil layer positioned in the 
main body portion is constructed from the double 
layer coil and the coil layer positioned in the tip 
portion is constructed such that either one of the 
inner and outer coil terminates in the middle of the 
other coil. According to this structure, the flexibility 
of the catheter can be changed in a multiple step- 
wise manner along its axial direction. As for the coil 
used in the coil layer, a metallic coil formed from a 
stainless steel (SUS304) or super elastic alloy or a 
plastic coil formed of a polyethylenetelephsalate, 
polyimide, polyamide, or polycarbonate or the like 
are preferably used. 

The outer layer described above is formed 
from a relatively flexible tube-shaped member. Fur- 
ther, the outer layer may be formed from a coating 
of flexible materials applied onto the outer surface 



of the inner layer or the intermediate layer. Further- 
more, the outer layer may be formed from a tube 
which is composed of a main body portion formed 
of a relatively high rigidity synthetic resin, a tip 

5 portion formed of a relatively low rigidity synthetic 
resin and a connection portion (transition part) 
which is formed by changing the ratio (for example, 
mixing ratio) of the contained high rigidity synthetic 
resin and low rigidity synthetic resin along the axial 

to direction thereof continuously or in a stepwise 
manner and which is formed with the main body 
portion and the tip portion, respectively. Moreover, 
the outer layer may be formed by coupling a high 
rigidity tube to a low rigidity tube with another tube 

75 having intermediate rigidity. Moreover, the outer 
layer may be formed by joining a high rigidity tube 
with a low rigidity tube in such a manner that they 
overlap to the extent of 1 mm to 20 mm. In this 
case, it is preferred that these tubes are over- 

20 lapped and joined such that the tip side of the high 
rigidity tube corresponding to the main body por- 
tion gradually decreases its thickness toward the 
distal side, while the low rigidity tube correspond- 
ing to the tip portion gradually increase its thick- 

25 ness, since according to this joining method the 
distribution of the rigidity becomes smooth and it is 
possible to have a large joining area between these 
tubes. 

The outer layer can be for example formed by 

30 putting a heat shrinkable tube which is made of 
polyolefine resin such as polyethylene or poly- 
propylene or the like onto the outer surface of the 
inner layer or the intermediate layer and then ap- 
plying heat to cause the tube heat-shrunk. Further, 

35 it is also preferred that the outer layer is formed 
from materials having good compatibility for living 
body, and in particular materials having good anti- 
thrombogenic characteristics. 

Further, it is also preferred that a hydrophilic 

40 lubrication layer is formed on the outer surface of 
the outer layer. The hydrophilic lubrication layer is 
preferably formed of materials which will exhibit 
lubrication characteristics when water is added. 
The hydrophilic lubrication layer may be simply 

45 coated onto the outer layer. However, it is preferred 
that the hydrophilic lubrication layer is fixedly ad- 
hered onto the outer surface of the outer layer 
under the bonding force practically used. It is also 
preferred that another treatment which will be able 

so to exhibit higher compatibility for living body when 
used is made onto the outer surface of the outer 
layer. As for the compatibility for living body, it is 
required to have anti-thrombogenic characteristics. 
In a preferred example, anti-thrombogenic agents 

55 are applied onto the outer surface by using a 
coating of heparin solution or a heparin bonding. In 
this case, it is more preferable that such heparin is 
fixed onto the outer surface of the outer layer. 
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Further, it is possible to form the outer layer by 
mixing thrombus solution into the construction ma- 
terials of the outer layer and then conducing ex- 
trusion molding to produce a tube-shaped member. 
If such a tube-shaped' member is used as the outer 
layer, it Is preferred that the thrombus solution is 
gradually released from the outer layer when it 
contacts with blood or the like when used. 

It is preferred that a block-copolymer formed 
by a hydrophilic compound block and a hydropho- 
bic compound block is fixed onto the outer surface 
of the outer layer as the hydrophilic lubrication 
layer, since lubrication characteristics as well as 
anti-thrombogenic characteristics are both im- 
proved. The materials are preferably formed from, 
water-swelling compounds. Example of such 
copolymer includes a block-copolymer of poly- 
glycidyl-methacrylate (PGMA) and dimethyl-ac- 
rylicamide (DMAA). 

Moreover, it is also preferred that there is 
formed the most flexible distal end portion at the 
distal side of the tip portion of the catheter. The 
distal end portion of the catheter is preferably 
formed from a double layer coil composed of the 
outer layer and the inner layer. Furthermore, the 
distal end portion can be formed from one of the 
outer and inner layers. Moreover, the distal end 
portion can be formed by fixedly attaching a sepa- 
rate flexible member by fusion or bonding. Further, 
it is preferable for the distal end portion to have a 
narrow diameter portion in which the outer diam- 
eter decreases toward the distal end of the catheter 
or a constricted portion in which the outer diameter 
is partially reduced. By providing thus formed distal 
end portion, the follow-up ability for blood vessels 
or guide wires are further improved, and the effec- 
tiveness which prevents blood vessels from being 
injured when the catheter is inserted into the blood 
vessels is also remarkably improved, thereby en- 
abling to safely insert the catheter into blood ves- 
sels such as blood vessels in the brain which are 
narrow and are likely to be damaged. Further, it is 
also preferable to provide an X-ray image forming 
element on the distal end portion. The X-ray image 
forming element is mounted by a coil-shaped or a 
ring-shaped wire formed of a material such as gold, 
white gold or tungsten or the like is wound around 
or embedded into the distal end portion. In this 
way, it becomes possible to confirm the position of 
the distal end portion within the living body under 
the X-ray inspection. 

Furthermore, it is also possible to provide an- 
other means for preventing abrupt change from 
being caused in the rigidity of the catheter at the 
region extending from the tip end of the rigid layer 
to the distal side thereof. Namely, it is possible to 
provide a kinking preventing tube at a desired 
position, thereby enabling to prevent kinking from 



being caused. 

According to the catheter of the present inven- 
tion as described above, it is possible to obtain 
excellent pushability due to the presence of the 
5 intermediate layer and improve the torque trans- 
mission ability and anti-kinking characteristics due 
to the presence of the coil layer. In particular, since 
the coil layer has the double layer coil portion in 
which two coils are wound in opposite directions, 
w excellent torque transmission ability is realized ir- 
respective of the rotational direction thereof when 
rotation is added to the catheter at the base end 
thereof. Further, in the tip portion, pushing force 
and torque imparted from the main body portion 
75 are surely transmitted to the tip portion due to the 
presence of the coil layer disposed between the 
inner and outer layers and extending from the main 
body portion. Further, the catheter is provided with 
the anti-kinking characteristics as well as the flexi- 
20 bility, good follow-up ability for blood vessels and 
guide wires can be exhibited. Furthermore, since 
the inner layer is provided so as to extend over the 
entire length of the catheter, that is it is provided 
continuously from the main body portion to the tip 
25 portion of the catheter, things which pass through 
the lumen, that is guide wires or like will not be 
caught inside the catheter. Further, since the inner 
surface of the lumen is formed into smooth surface 
having low frictional resistance, it is possible to 
30 insert the catheter smoothly along the guide wire. 
Moreover, the functions and the advantages de- 
scribed above can be obtained, even if the outer 
diameter of the catheter is small such as a catheter 
constructed for use in treatments for blood vessels 
35 in the brain. 

The above described catheter according to the 
present invention can be used with a guide wire. In 
this case, a combination of the catheter and the 
guide wire constitutes a catheter instrument. The 
40 guide wire is formed from a metallic core, an X-ray 
image forming coil and a coating layer coated onto 
the outer surface of the core, and thus formed 
guide wire is preferably used. In this case, the 
coating layer is preferably formed of fluorine-con- 
45 tained resin. As the other preferred example of the 
guide wire, it is formed from a core, a coating layer 
of plastic which is coated onto the outer surface of 
the core, and a hydrophilic lubrication layer fixedly 
applied onto the outer surface of the coating layer, 
so In the guiding catheter, there is formed with a 
lumen through which the above described catheter, 
in particular a catheter used for treatment for blood 
vessels in the brain can be inserted. As for the 
materials for constructing the guiding catheter, 
55 polyvinyl chloride, polyethylene, polypropylene, 
polyurethan elastomer, polyamide elastomer, or 
polymer polymer-alloy containing polyamide there- 
in or the like is preferably used. In this case, it is 
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possible to provide a hydrophilic lubrication layer 
onto the outer surface or inner surface of the 
guiding catheter in the same manner as described 
above. 

Hereinbelow, explanation will be made with ref- 5 
erence to the example of the operations of the 
catheter according to the present invention, in 
which the catheter is used in embolectomy for 
cerebral aneurysm. 

First, the guiding catheter having a lumen io 
through which the catheter of the present invention 
can be inserted is prepared. Next, the guiding 
catheter is inserted from femoral artery into arteria 
carotis interna, arteria carotis external or vertebral 
artery through aorta, and thus inserted catheter is 75 
put there. In this case, it should be noted that the 
inner and outer surfaces of the catheter is covered 
by a hydrophilic lubrication layer. 

Next, a guide wire is put in the lumen of the 
catheter according to the present invention. The 20 
catheter is inserted into the lumen of the guiding 
catheter by operating its end portion. After the 
distal end of the catheter is protruded from the 
opening formed at the tip end of the guiding cath- 
eter, the catheter according to the present inven- 25 
tion and guide wire are moved forward so as to be 
inserted into the blood vessels to be treated. In this 
case, the catheter is provided with the intermediate 
layer having a coil layer, the pushing force added 
at the base end can be transmitted to the distal 30 
end of the catheter reliably. 

When the catheter reaches at a branch portion 
of blood vessels under the above described pro- 
cesses, the guide wire is directed toward the de- 
sired blood vessel in such a manner that the guide 35 
wire is inserted into that vessel. Thereafter, the 
catheter is pushed further so as to follow-up the 
guide wire. In a case where it is difficult to insert 
the catheter along the guide wire, the base end of 
the catheter is rotated in clockwise or counterclock- 40 
wise direction and the catheter is being pushed 
and inserted further under the rotating condition 
until it reaches at the selected blood vessels. Since 
the tip portion of the catheter according to the 
present invention has sufficient flexibility, it can be 45 
passed through or inserted into blood vessels in 
the brain having a network of narrow and com- 
plicated blood vessels. Further, when it is passed 
through bent portions or curved portions of blood 
vessels, the catheter can be easily advanced along so 
the guide wire without kinking since the catheter is 
provided with the coil layer at the tip portion there- 
of. 

Then, the guide wire is removed, and then an 
X-ray image forming agent is injected from the up- 55 
stream side of the cerebral aneurysm of the blood 
vessel through the lumen of the catheter. In this 
state, the presence of the cerebral aneurysm is 



confirmed under the X-ray inspection. 

Thereafter, the catheter is further advanced. 
When the catheter reaches at the desired position, 
the distal end portion is inserted into and put at the 
region of the cerebral aneurysm, and at this time, 
liquid-type thrombus agents or tiny coils are intro- 
duced thereinto. When this introduction operation is 
complete, the catheter is withdrawn from the blood 
vessel. 

Other objects, structures and functions of the 
present invention will become more apparent from 
the following description of the invention and the 
description of the preferred embodiments when 
taking in conjunction with the appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an overall view of a catheter instrument 
according to the present invention; 
Fig. 2 is a partially cut-away perspective view of 
a first embodiment of a catheter according to 
the present invention; 

Fig. 3 is a partially cut-away perspective view of 
a second embodiment of a catheter according to 
the present invention; 

Fig. 4 is a partially cut-away side view of a third 
embodiment of a catheter according to the 
present invention; 

Fig. 5 is a partially cut-away side view of a 
fourth embodiment of a catheter according to 
the present invention; 

Fig. 6 is a partially cut-away side view of a 

guide wire used in association with the catheter 

according to the present invention; 

Fig. 7 is a partially cut-away side view which 

shows a modification of the guide wire used in 

the catheter according to the present invention; 

and 

Fig. 8 is a perspective view which shows a 
structure example of a guiding catheter accord- 
ing to the present invention. 

DETAILED DESCRIPTION 

With reference to the drawings, a detailed de- 
scription of the embodiments of a catheter accord- 
ing to the present invention will now be given 
below. 

Fig. 1 is an overall view of a catheter instru- 
ment according to a first embodiment of the 
present invention. As shown in Fig. 1, a catheter 
instrument 1A comprises a catheter 1, which is 
made up of a main body portion 2 and a tip portion 
4, and a hub 1 1 provided at the proximal end of the 
catheter 1 . The tip portion 4 has an opening 4a at a 
distal end thereof, which communicates with a 
lumen that runs from the opening 4a to a base 
portion 11a of the hub 11. Also, a guide wire 50 is 
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passed through the lumen so that a tip portion of 
the wire 50 protrudes out of the opening 4a. In this 
embodiment, the total length of the catheter is 
roughly 1500 mm, the length of the tip portion 4 is 
roughly 200 mm, and the length of the main body 
portion 2 is roughly 1300 mm. 

Fig. 2 is an enlarged cut-away view of a distal 
side (the left side of Fig. 1) of the catheter 1 shown 
in Fig. 1. As shown in Fig. 2, the main body portion 
2 of the catheter 1 is made up of a relatively 
flexible inner layer 6, an intermediate layer 12 
formed around the outside of the inner layer 6 and 
comprised of a coil layer 8 and a rigid layer 10 
having a relatively high rigidity, and a relatively 
flexible outer layer 14 formed around the intermedi- 
ate layer 12. The tip portion 4 of the catheter 1 is 
made up of the inner layer 6, the coil layer 8 and 
the outer layer 14. 

Provided on the outer surface of the outer layer 
14 is a hydrophilic lubrication layer 16 having hy- 
drophilic properties. The hydrophilic lubrication lay- 
er 16 serves so as to improve the slidability of the 
catheter 1 within guiding catheters, blood vessels 
and the like due to the given hydrophilic properties. 
Furthermore, it is preferred that the hydrophilic 
lubrication layer 16 be coated with an anticoagulat- 
ing agent such as heparin solution or the like. 
Moreover, it is also preferred that such an an- 
ticoagulating or anti-thrombogenic agent is added 
to the lubrication layer 16. In this way, it is possible 
to improve the anti-thrombogenic properties of the 
catheter 1. 

The inner layer 6 is provided so as to run the 
entire length of the catheter 1 , and the lumen 20 is 
formed inside the inner layer 6 so as to run from 
the opening 4a to the base portion 11a of the hub 
1 1 . The inner layer 6 is formed from a tube-shaped 
member having flexibility characteristics that allow 
it to follow-up the bent portions of a blood vessel, 
into which the catheter 1 is inserted, without giving 
any adverse effects on the blood vessel. The inner 
diameter and outer diameter of the inner layer 6 
are roughly uniform to allow easy passage of a 
guide wire 50 and easy supply of medications and 
thrombus agents or member. As the materials for 
constructing the inner layer 6, it is preferable to 
use a material having excellent chemical resistance 
properties which are not affected by the medicines 
to be supplied through the lumen. In particular, in 
the case of the catheter for use in embolectomy 
procedures, it is also preferable to have solvent 
resistance properties in addition to the chemical 
resistance properties, because there is the case 
that the thrombus agents includes a solvent such 
as DMSO, ethanol or cyanoaclylate or the like. 
Further, it is also preferable that the inner layer is 
formed from the material with which the inner sur- 
face of the inner layer can be formed into a low 



frictional smooth surface, in order to improve 
slidability at the time when the guide wire or the 
like is passed through the lumen 50 or in order to 
make easy the passage of the thrombus agent 

5 which is formed from a tiny coil. For these reasons, 
as the material for forming the inner layer 6, ma- 
terials which have flexibility and chemical resis- 
tance properties and slidability are used. Example 
of such a material includes soft fluoro-based resins, 

70 fluoro-based elastomer. 

In the main body portion 2 of the catheter 1, 
the intermediate layer 12 is formed from the rigid 
layer 10 and the coil layer 8, and in the tip portion 
4 of the catheter 1, the intermediate layer 12 is 

ts formed from the coil layer 8. The intermediate 
layer 12 is provided around the outside of the inner 
layer 6 and inside the outer layer 14 of which 
structure will be described later. The rigid layer 10 
is provided around the outside of the coil layer 8. 

20 The distal end and proximal end of the middle 
layer 12 are bonded to the outer layer 14 and/or 
the inner layer 6. In this way, it is possible for the 
catheter 1 to have excellent torque transmission 
ability, pushability and pressure resistance char- 

25 acteristics. 

The rigid layer 10 is formed from a tube having 
a relatively high rigidity. This rigid layer 10 is 
provided so as to improve the rigidity of the cath- 
eter 1 and therefore to improve the pushability for 

30 transmitting pushing force applied at the proximal 
end of the catheter to the tip portion 4 of the 
catheter. As for the thickness of the rigid layer 10, 
it is roughly fixed over the axial direction thereof, 
but at a tip section 10a the thickness gradually 

35 becomes narrow. Thus, with this construction, it is 
possible to more effectively prevent the catheter 
from kinking. In this connection, polyimide is the 
preferred material used for constructing the rigid 
layer 10. With this result, the main body portion 2 

40 having such a rigid layer 10 can have an excellent 
pushability. 

The coil layer 8 is provided along the entire 
length of both the main body portion 2 and the tip 
portion 4. The coil layer 8 is provided in order to 

45 impart excellent torque transmission ability and 
anti-kink characteristics to the catheter 1. Further, 
at the same time the coil layer 8 improves the 
pushability of the catheter 1. Furthermore, since 
the coil layer 8 is provided on the area from near 

so the tip section 10a of the rigid layer 10 to the distal 
side therefrom (left side of Fig. 2), it is possible to 
prevent kinks from being caused at the section 
where a difference in rigidity is established due to 
presence or not presence of the rigid layer 10. In 

55 particular, the coil layer 8 is constructed from two 
coils (double coils) wound or wrapped in opposite 
directions relative to each other over the entire 
length thereof. Namely, these two coils are com- 

10 
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posed of an inner coil 8a and an outer coil 8b both 
formed from a flat coil wire. For example, when the 
coil wire of the inner coil 8a is wound in the 
clockwise direction, the coil wire of the outer coil 
8b is wound in the counterclockwise direction. The 
coil wires of both the inner coil 8a and the outer 
coil 8b have roughly flat, rectangular cross sections 
and have a pitch of 0.12 mm and a coil spacing of 
0.02 mm. Both the coil wire of the inner coil 8a and 
the coil wire of the outer coil 8b are wound in 
opposite directions so as to have an angle of 
approximately 80 degree with respect to the axial 
direction of the catheter 1 . Also, both the coil wires 
of the inner coil 8a and the outer coil 8b have a 
thickness of about 0.01 mm and are constructed' 
from a metal such as stainless steel (SUS304). 

By constructing the coil layer 8 from the two 
coils wound in opposite directions as described 
above, it is possible to obtain an excellent torque 
transmission ability when an operator turns the 
catheter 1 by operating its proximal end irrespec- 
tive of the rotational direction (clockwise or coun- 
terclockwise). Furthermore, compared to a one coil 
(single coil) structure, the two coil structure can 
have more excellent anti-kink characteristics and is 
far more efficient for preventing the lumen from 
being pressed. 

The outer layer 14 is constructed from a rela- 
tively flexible tube-shaped element. The outer layer 
14 can be formed easily by adhering a heat shrink- 
age tube which is shrink when heated to the sur- 
face of the inner layer 6 or the intermediate layer 
12 and then by causing thus adhered heat shrink- 
age tube to be shrunk by applying heat. Such a 
heat shrinkable tube is preferably formed of for 
example a polyolefine type of resin. According to 
the outer layer having the above structure, since it 
is possible to fix the inter mediate layer 12 in place 
by suppressing bulging and loosing of the outer 
coil 8b, the torque transmission ability and 
pushability of the catheter are further improved. It 
is also possible to construct the outer layer 14 from 
denaturated polyolefine. 

Provided on the outer surface of the outer layer 
14 is the hydrophilic lubrication layer 16 which runs 
the entire length of the catheter 1. The lubrication 
layer 16 is fixed to the outer surface of the outer 
layer 14 under the bonding force to the extent of 
being able to bear practical use. The lubrication 
layer 16 exhibits its lubrication characteristics when 
it comes into contact with water. By providing such 
a lubrication layer 16, when the catheter 1 is in- 
serted into a lumen of a guiding catheter or a blood 
vessel, and in particular when the catheter 1 is 
selectively inserted into one of branches of blood 
vessels having an acute angle or when the catheter 
1 is inserted into curved or bent portions of distal 
blood vessels, it is possible to reduce the frictional 



resistance between inside surfaces such blood ves- 
sel and the outside surface of the catheter 1 . Thus, 
it becomes possible to transmit the rotational force 
or pushing force added to the proximal end of the 
5 catheter by an operator to the tip portion 4 of the 
catheter 1 as they are (without losses), thus result- 
ing in easy, reliable and safe insertion of the cath- 
eter 1 . 

As for the preferred material for constructing 

10 the hydrophilic lubrication layer 16, it is selected 
depending on the material of the outer layer 14. 
When the outer layer 14 is formed of denaturated 
polyolefine, a block-copolymer formed by a hydro- 
philic compound block and a hydrophobic com- 

75 pound block is preferably used. Example of such a 
block-copolymer includes a block-copolymer of 
polyglycidyl-methacrylate (PGMA) and dimethyl-ac- 
rylicamide (DMAA). The hydrophilic compound of 
the block-copolymer is excellence in lubrication 

20 properties since it is a water-swelling compound, 
and it can also exhibit anti-thrombogenic properties 
due to its micro-domainstructure between the hy- 
drophilic section and the hydrophobic section. 
Provided at the distal side of the tip portion 4 is 

25 a distal end portion 4A which forms the most 
flexible part of the entire catheter body. The distal 
end portion 4A is constructed from the inner layer 
6 and the outer layer 14 and includes the opening 
4a which communicates with the lumen 20. The 

30 length of the distal end portion 4A along the axial 
direction of the catheter 1 is approximately 1 .0 mm 
- 3.0 mm. By providing the catheter 1 with the 
distal end portion 4A, it is possible to reduce the 
risk of injury to very delicate blood vessel mem- 

35 branes, and furthermore improves the ability of the 
catheter 1 to follow-up the curved portions and 
bent portions within a blood vessel or guiding cath- 
eters. 

Provided on the distal end portion 4A is a ring- 

40 shaped or coil-shaped X-ray image forming ele- 
ment 4C made from gold or white gold, for exam- 
ple. By providing the distal end portion 4A with the 
X-ray image forming element 4C, it becomes pos- 
sible to use X-ray images to accurately confirm the 

45 position of the distal end portion 4A of the catheter 
1 within a living body. 

As for the outer diameter of the catheter 1 , the 
main body portion 2 has the largest outer diameter, 
the distal end portion 4A has the smallest outer 

so diameter, and the tip portion 4 has an outer diam- 
eter that lies somewhere therebetween. In one pre- 
ferred example, the outer diameter of the main 
body portion 2 is approximately 0.92 mm, the outer 
diameter of the tip portion 4 is approximately 0.80 

55 mm, and the outer diameter of the distal end 
portion 4A is approximately 0.72 mm. 

Now, the second embodiment of a catheter 
instrument according to the present invention is 
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basically the same as the first embodiment shown 
in Fig. 1. Therefore, the catheter instrument is 
comprised of a catheter 1 having a main body 
portion 2 and a tip portion 4 and a hub 1 1 provided 
at the proximal end of the catheter 1. The tip 
portion 4 has an opening 4a which communicates 
with a lumen that runs from the opening 4a to a 
base portion 1 1a of the the hub 1 1 . 

Fig. 3 is an enlarged cut-away view of a distal 
side (the left side of Fig. 1) of the second embodi- 
ment of the catheter 1 according to the present 
invention. As shown in Fig. 3, the catheter 1 is 
composed of a main body portion 2, a tip portion 4 
and a distal end portion 4A. The main body portion 
2 is constructed from a relatively flexible inner 
layer 6, a metal tube layer 30 which is provided 
around the inner layer 6 to act as a rigid layer, a 
coil layer 8 which extends from the vicinity of a tip 
portion 30a of the metal tube layer 30 towards the 
distal end of the catheter 1 , and a relatively flexible 
outer layer 14. The tip portion 4 is constructed 
from the inner layer 6 which extends from the main 
body portion 2, the coil layer 8, and the outer layer 
14 which extends from the main body portion 2. 
The distal end portion 4A is constructed from the 
inner layer 6 and the outer layer 14 which extend 
from the tip portion 4. In this embodiment having 
the above constructions, the metal tube layer 30 
and the coil layer 8 form an intermediate layer that 
is positioned between the inner layer 6 and the 
outer layer 14. 

The relatively flexible inner layer 6 is a tube- 
shaped element that is provided so as to run 
roughly the entire length of the catheter and in- 
cludes a lumen 20 through which guide wires, 
medicines, thrombus agents or member and the 
like are passed. The diameter of the lumen, or 
more specifically stated, the inner diameter of the 
inner layer 6 is roughly the same from the main 
body portion 2 to the tip portion 4 thereof in order 
to make it easy for inserted things to be passed 
therethrough. For constructing the inner layer 6 of 
the second embodiment, it is possible to use the 
same construction materials described above with 
reference to the first embodiment. Furthermore, a 
hydrophilic lubrication layer 9 is provided on the 
inner surface of the lumen 20 in the same manner 
as the first embodiment. 

The metal tube layer 30 which forms a rigid 
layer has a relatively higher rigidity than that of the 
outer layer 14, and this results in the catheter 
having improved rigidity in the axial, radial and 
circumferential directions thereof, which in turn im- 
proves the pushability and torque transmission 
characteristics of the catheter. Furthermore, since 
the metal tube layer 30 has a wide degree of 
elasticity, it will experience little or no plasticized 
deformation even when bending stress is applied 



during the normal use. Except for the tip portion 
30a of the metal tube layer 30 which has a rela- 
tively thin thickness, the remaining portion of the 
metal tube layer 30 has roughly the same thick- 
5 ness along the axial direction of the catheter. 

Furthermore, a spiral-shaped slit 30c is pro- 
vided in the vicinity of the tip portion 30a of the 
metal tube layer 30. This spiral-shaped slit 30c is 
provided in a section of the metal tube layer 30 
70 that is roughly 150 mm long with respect to the 
axial direction of the catheter. As for the pitch of 
the spiral-shaped slit 30c, it is made to gradually 
decrease in the direction toward the tip portion 30a 
(towards the left side in Fig. 3) so as to gradually 
15 lower the rigidity of the metal tube layer 30 in the 
same direction, and this makes it possible to effec- 
tively prevent the catheter from kinking. The metal 
tube layer 30 is made, for example, from a stain- 
less steel pipe (SUS304). It is to be noted here that 
20 it is possible to use a construction other than the 
metal tube layer 30 for forming a rigid layer. For 
example, it is possible to use a metal layer com- 
prised of a mesh or braid or the like formed from 
metal wires instead of the metal tube layer 30. 
25 The coil layer 8 is provided in order to achieve 

the same purpose of that of the above-described 
embodiment. This coil layer 8 has its base posi- 
tioned in the vicinity of the tip portion 30a of the 
metal layer 30 and extends over the tip portion 4. 
30 By providing the coil layer 8 such that its base is 
positioned in the vicinity of the tip portion 30a of 
the metal tube layer 30 and it extends over the tip 
portion 4 as described above, the coil layer 8 can 
loosen difference in the rigidity between at a por- 
35 tion where the metal tube layer 30 is provided and 
at a portion where no metal tube layer is provided 
to dissipate concentration of stress over such re- 
gion, thereby enabling to improve kinking prevent- 
ing effects. Therefore, there will not be a case that 
40 a guide wire can not be advanced or retracted due 
to a kinking of the catheter when the guide wire 50 
is inserted into the lumen 20 of the catheter. 

The coil layer 8 is constructed in the same 
manner as described above with reference to the 
45 first embodiment. Namely, the coil layer 8s is 
formed from a double layer coil which is con- 
structed from an inner coil 8a, which is wound in 
one direction, and an outer coil 8b, which is wound 
in the opposite direction. The cross-sectional 
50 shape, dimensions and construction materials of 
the inner coil 8a and outer coil 8b are the same as 
or similar to those for the inner and outer coils of 
the first embodiment described above and there- 
fore the use and effects achieved by the double 
55 layer coil are also the same as those described 
with reference to the first embodiment. 

The region of overlap of the coil layer 8 and 
the tip portion 30a of the metal tube layer 30 is 
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approximately 2 mm in length with respect to the 
axial direction of the catheter. In order to prevent a 
large bulging in the catheter at the region of over- 
lap, it is possible to reduce the thickness of the 
metal tube layer 30 and the coil layer 8 at that 
place where they overlap with each other, or it is 
also possible to shift the base end of the inner coil 
8a towards the tip of the catheter and then position 
the base end of the outer coil 8b at a place 
between the tip of the metal tube layer 30 and the 
base end of the inner coil 8a. Furthermore, it is 
preferred that the length of the region of overlap 
between the coil layer 8 and the metal tube layer 
30 be less than 1/3 the total length of the portion of 
the metal tube layer 30 in which the spiral-shaped 
slit 30c is provided. 

The outer layer 14 is constructed from a rela- 
tively flexible tube-shaped member. In the same 
manner as was described above with reference to 
the first embodiment, a hydrophilic lubrication layer 
16 is provided on the outer surface of the outer 
layer 14. This hydrophilic lubrication layer 16 per- 
form functions and exhibit effects which are the 
same as those described above with reference to 
the lubrication layer of the first embodiment. 

Further, in the same manner as was described 
above with reference to the first embodiment, the 
distal end portion 4A provided at the distal side of 
the tip portion 4 is constructed from the inner layer 
6 and the outer layer 14 and has an opening 4a 
which communicates with the lumen 20. The distal 
end portion 4A also includes a constricted portion 
4b spaced a slight distance away from the opening 
4a and having a reduced outer diameter relative to 
the rest of the distal end portion 4A. As the con- 
stricted portion 4b is the most flexible portion of 
the distal end portion 4A, it is possible to easily 
change the direction of the distal end portion 4A, 
and this enables the catheter to follow more easily 
the bent portions and branches of blood vessels 
and the like. And in the same manner as described 
above for the first embodiment, the distal end por- 
tion 4A is provided with an X-ray image forming 
element 4c. 

Fig. 4 is a partial cut-away view of a third 
embodiment of a catheter according to the present 
invention. In this embodiment, a catheter 1 includes 
a main body portion 2 and a tip portion 4 and is 
constructed from an inner layer 46 that runs 
roughly the entire length of the catheter 1, a coil 
layer 48 that forms an intermediate layer, and an 
outer layer 44. The coil layer 48 is constructed 
from a relatively rigid first coil 48a and a relatively 
flexible second coil 48b. 

Formed in the inner layer 46 is a lumen 20 
which enable guide wires, medicines and the like to 
be passed through the catheter 1. The lumen 20 
has roughly the same diameter throughout the 



main body portion 2 and the tip portion 4 of the 
catheter 1 . Also, in the same manner as was de- 
scribed above with reference to the second em- 
bodiment, the inner surface of the lumen 20 is 
5 provided with a hydrophilic lubrication layer (not 
shown in the drawings). The thickness of the inner 
layer 46 is roughly the same throughout the main 
body portion 2 and the tip portion 4. Also, the 
construction material of the inner layer 46 is the 
70 same throughout the main body portion 2 and the 
tip portion 4 and is selected from the same materi- 
als described previously above. 

In the main bocly portion 2, the relatively rigid 
first coil 48a is wound around the inner layer 46. 
75 The first coil 48a is a flat type of metal coil made 
from a stainless steel wire or the like and has a 
base end pitch of approximately 0.12 mm and a 
coil spacing of approximately 0.02 mm. The flat 
coil wire has a cross-sectional rectangular shape 
20 with a vertical length (i.e., thickness) of approxi- 
mately 0.01 mm and a horizontal length (i.e., coil 
width) of approximately 0.1 mm. By providing the 
first coil 48a having the above structure, it be- 
comes possible to impart a sufficient rigidity to the 
25 main body portion 2. The first coil 48a terminates 
at an intermediate place along the catheter 1 and is 
therefore not present in the distal side of the cath- 
eter 1. At the distal side of the first coil 48a, the 
pitch of the coil is smaller relative to the pitch at 
30 the proximal side thereof in order to gradually 
change the rigidity of the first coil 48a. 

Provided around the outside of the first coil 48a 
is the second coil 48b. In this arrangement, the 
rigidity of the outside second coil 48b is smaller 
35 than the inside first coil 48a. In this regard, it 
should be noted that .there are many ways to 
provide first and second coils having different 
rigidities as described above. These ways includes 
for example first to fourth ways which are de- 
40 scribed below. Namely, in the first way, one coil is 
formed from a relatively soft construction material, 
and the other coil is formed from a relatively hard 
construction material. In the second way, a coil 
pitch of one coil is larger than that of the other coil 
45 in order to improve rigidity. In the third way, the 
thickness of one coil is larger than that of the other 
coil in order to improve rigidity. In the forth way, 
one coil is formed from a flat coil which can impart 
relatively high rigidity and the other coil is formed 
50 from a coil having a semi-circular cross section 
which is relatively flexible. Further, it is of course 
possible to adopt other way which can be obtained 
from combination of any two more ways selected 
from the ways mentioned above. 
55 As described in the previous embodiments, the 
first coil 48a and the second coil 48b are wound in 
opposite directions. In this case, the second coil 
48b extends over the tip end of the first coil 48a 
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and terminates at the tip portion 4. Since the sec- 
ond coil 48b provided in the tip portion 4 is formed 
from relatively soft material, the catheter having 
such tip portion can have an improved ability to 
follow a guide wire when the catheter is inserted 
into bent blood vessels or put therein, or when 
selection is made for the advancing direction at 
blood vessel branches having sharp angles. Fur- 
ther, there is no risk of the lumen being damaged. 
In this case it is also possible to set the pitch of the 
second coil 48b at the distal side of the tip portion 
4 to be smaller than the pitch of the second coil 
48b at the proximal side thereof. 

In the present embodiment, the second coil 
48b was constructed from the same construction 
material over its entire length. However, it is possi- 
ble to arrange a different coil members in the axial 
direction of the catheter. For example, in order to 
prevent kinking from being caused in the distal 
side of the first coil 48a, the rigidity of the second 
coil 48b is set so as to have the same or less 
rigidity than that of the first coil 48a, and thus 
formed second coil 48b is extended into the tip 
portion 4 over the tip end of the first coil 48a. 
Further, a relatively flexible another coil member is 
joined to the tip end of the second coil 48b. In this 
way, it is possible to prevent kinking from being 
caused in the vicinity of the tip end of the first coil 
48a and at the same time ensure a proper flexibility 
for the tip portion 4. 

Now, in the embodiment shown in Hg. 4, the 
first coil 48a is provided inside the second coil 48b. 
However, it is also possible reverse the arrange- 
ment such that the relatively hard first coil 48a is 
provided outside the relatively soft second coil 48b. 
Also, even though it is not shown in the drawings, it 
is also possible for the coil layer 48 to include a 
third coil. In the case where the third coil is pro- 
vided, it is preferred that the position of the tip end 
of the third coil in the axial direction of the catheter 
be arranged to lie between the tip end of the first 
coil 48a and the tip end of the second coil 48b or 
at a position located slightly before the tip end of 
the first coil 48a. In this way, it is possible for the 
catheter to have multiple sections of different rigid- 
ity. 

The outer layer 44 is formed around the outer 
circumference of the coil layer 48 and is fixedly 
adhered thereto so as not to deteriorate the flexibil- 
ity of the first and second coils which would be 
caused by the deformation of these coils. The 
thickness of the outer layer 44 is roughly the same 
throughout the entire length of the catheter. As for 
the outer diameter of the outer layer 44, it is 
greatest at the place of overlap of the first coil 48a 
and the second coil 48b, is smaller at the portion 
where only the second coil 48b exists, and is 
smallest at the distal end portion 4A. The outer 



layer 44 is constructed from a relatively flexible 
material, and the outside surface of the outer layer 
44 is coated with a hydrophilic lubrication layer (not 
shown in Fig. 4) formed thereon, as described 
5 above with reference to the previous embodiments. 
Furthermore, the hydrophilic lubrication layer may 
contain an anti-coagulating agent therein. More- 
over, it is also possible to form an additional coat- 
ing layer having anti-coagulating property onto the 
w lubrication layer. 

As described for the previous embodiments 
above, a distal end portion 4A is formed at the tip 
of the tip portion 4. The distal end portion 4A is 
formed from the inner layer 46 and the outer layer 
75 44 in the same manner as the above described 
embodiments. In this case, the distal end portion 
4A does not include the coil layer 48. Further, as 
was also described above with reference to the 
previous embodiments, an X-ray image forming 
20 element 4c is provided on the distal end portion 4A 
to enable the position of the distal end portion 4A 
to be accurately confirmed by X-ray inspection. 

Fig. 5 shows a partially cut-away side view of a 
catheter according to a fourth embodiment of the 
25 present invention. With the exception of an outer 
layer 7 having a different construction, the catheter 
1 shown in Fig. 5 has the same construction as the 
third embodiment shown in Fig. 4. In this embodi- 
ment, the outer layer 7 of the catheter 1 has a 
30 relatively rigid first region 71 provided at the proxi- 
mal side of the catheter 1, a relatively flexible 
second region 72 that runs from the first region 71 
towards the tip of the catheter 1 , and a connection 
portion 73 that connects the first region 71 and the 
35 second region 72. The outer layer 7 is provided 
around the outer surface of the coil layer 48 and is 
adhered thereto. 

The outer diameter of the first region 71 gradu- 
ally decreases at the distal side thereof so as to 
40 form a tapered portion. The second region 72 is 
fused onto the tapered portion so as to cover the 
outer surface of that tapered portion, thereby for- 
ming the connection portion 73. In this embodi- 
ment, the connection portion 73 is positioned on 
45 the tip portion 4 of the catheter 1. The thickness 
and outer diameter of the outer layer .7 at the 
connection portion 73 is the same as the thickness 
and outer diameter of the first region 71 and sec- 
ond region 72. The relatively rigid first region 71 is 
so mainly provided on the main body portion 2 of the 
catheter 1 in order to impart rigidity to the main 
body portion 2, which in turn makes it easy to push 
the catheter 1. On the other hand, the relatively 
flexible second region 72 is provided on the distal 
55 side of the catheter 1 in order to ensure flexibility 
characteristics for the tip portion 4, which in turn 
exhibits excellent follow-up ability to a guide wire 
when the catheter is inserted into the bent portions 
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of blood vessels or branches of blood vessel hav- 
ing sharp angles. 

The connection portion 73 has a rigidity that 
lies between the rigidity of the first region 71 and 
the rigidity of the second region 72. Namely, since 
the connection portion 73 is constructed from the 
relatively rigid material of the first region 71 and 
the relatively flexible material of the second region 
72, the ratio containing the relatively hard material 
and the relatively soft material gradually changes in 
the axial direction thereof. With this construction, 
the rigidity of the catheter slowly changes over the 
connection portion 73 and in the vicinity of the 
ends thereof, thus making it possible to dramati- 
cally improve the anti-kinking effectiveness of the 
catheter 1. Moreover, since the coil layer 48 is 
provided under the outer layer 7 so as to extend 
from the first region 71 through the second region 
72, the catheter 1 is even more effective at pre- 
venting kinks. 

Fig. 6 is a partially cut-away view of an exam- 
ple construction of a guide wire used with the 
catheter according to the present invention. As 
shown in Fig. 6, the guide wire 50 is adapted to be 
passed through the lumen 20 of the catheter 1 . The 
guide wire 50 is constructed from a metal core 51 , 
a coil-shaped X-ray image forming element 52 pro- 
vided at the tip of the metal core 51 , and a cover 
layer 53 which covers the outer surface of the 
metal core 51. The core 51 is an elastic element 
which is constructed, for example, from a metal 
such as stainless steel, Ni-Ti alloy, piano wire, 
tungsten wire, or the like. The X-ray image forming 
member 52 is constructed, for example, from a 
metal such as gold, white gold or the like. In order 
to have good slidability with the lumen 20 of the 
catheter 1 , the cover layer 53 is constructed from a 
material having a low frictional resistance, such as 
a fluorine based resin. Furthermore, since the cov- 
er layer 53 also covers the end surfaces of the 
core 51 in addition to covering the circumferential 
surfaces thereof, it becomes possible to prevent 
injury to the blood vessel membrane when contact 
occurs between the blood vessel membrane and 
the guide wire 50. 

Fig. 7 is a partial cut-away view of another 
example construction of a guide wire used with the 
catheter according to the present invention. As 
shown in Fig. 7, the guide wire 50 is adapted to be 
passed through the lumen 20 of the catheter 1 . In 
the same manner as the above-described embodi- 
ment, the guide wire 50 is constructed from a 
metal core 51, a plastic coating layer 54 which 
covers the outer surface of the metal core 51, and 
a hydrophilic lubrication layer 55 which is applied 
to the outer surface of the coating layer 54. Exam- 
ples of the coating layer 54 include, for example, 
polyurethane elastomer, polyamide elastomer, de- 



naturated polyolefine and the like. Furthermore, as 
the cover layer 53 also covers the end surfaces of 
the core 51 in addition to covering the circumferen- 
tial surfaces thereof, it becomes possible to pre- 

5 vent injury to the blood vessel membrane when 
contact occurs between the guide wire 50 and the 
blood vessel membrane. As for the hydrophilic 
lubrication layer 55, it may be formed in the same 
manner as the hydrophilic lubrication layer of the 

io catheter 1 described above. 

The guide wires 50 shown in Fig. 6 and Fig. 7 
have diameters that enable them to be passed with 
ease and good slidability through the lumen 20 of 
the catheter 1 . For example, the diameters are set 

75 to the size which lies between 0.010 inch and 
0.025 inch. 

Fig. 8 is a perspective view of an example 
construction of a guiding catheter. As shown in Fig. 
8, a guiding catheter 9 is comprised of a tube- 

20 shaped body having a lumen 91 through which the 
catheter 1 is passed. In constructing such a guiding 
catheter 9, it is possible to use, for example, poly- 
urethane elastomer, polyamide elastomer, and 
polymer alloy containing polyamide. As for the 

25 inner diameter of the guiding catheter 9, it is set so 
as to enable the catheter 1 to be passed with ease 
and good slidability through the lumen 91 thereof. 
For example, it is set to the size which lies be- 
tween 1 .00 mm and 1 .80 mm. The outer diameter 

30 and wall thickness of the guiding catheter 9 are 
roughly uniform over the entire length of the guid- 
ing catheter 9, but it is also possible to provide a 
tapered portion of gradually reducing diameter in 
the vicinity of the tip portion 92 of the guiding 

35 catheter 9. 

Furthermore, it is preferred that a hydrophilic 
lubrication layer (not shown in the drawings) be 
provided on the outer surface of the guiding cath- 
eter 9 and/or the inner surface of the lumen 91 of 

40 the guiding catheter 9. In this way, it is possible to 
improve both the slidability of the guiding catheter 
9 when it is inserted into a blood vessel or the like 
and the slidability of the catheter 1 when it is 
inserted into the lumen 91 of the guiding catheter 

45 9. 

As stated in the foregoings, the catheter ac- 
cording to the present invention has excellent oper- 
ability, and in particular it is excellent in slidability, 
anti-kinking characteristics and torque transmission 

50 ability. Further, the catheter also has improved 
pushability and anti-chemical resistance. Therefore, 
the catheter can perform delicate operations easily 
even when it is inserted into narrow and com- 
plicated network of blood vessels for carrying out 

55 treatment for blood vessels of the brain. As a 
result, it is possible to shorten the time required in 
carrying out the treatment, and the risk to injury the 
blood vessels can be reduced. 

15 
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Finally, it should be noted that the present 
invention is no limited to the embodiments de- 
scribed above. The scope of the present invention 
will be determined only by the following claims. 

Claims 

1. A catheter, comprising: 

an inner layer; 
an outer layer; and 

an- intermediate layer arranged between 
said inner and outer layers, said intermediate 
layer including a coil layer having a double 
layer coil portion composed of an inner coil 
wound in a first direction and an outer coil 
wound around the outside of said inner coil in 
a second direction that is opposite to said first 
direction, wherein said inner coil and said outer 
coil are formed from flat members whose ra- 
tios of thickness to width of cross section are 
less than 1 . 

2. The catheter as claimed in Claim 1, wherein 
said intermediate layer further includes a rigid 
layer having a rigidity higher than at least one 
of the rigidities of said inner and outer layers. 

3. The catheter as claimed in claim 2, wherein 
said catheter has a main body portion is posi- 
tioned at a proximal side of said catheter in an 
axial direction thereof and a tip portion at a 
distal side of said main body portion, in which 
said rigid layer is arranged in said main body 
portion and said coil layer is arranged at least 
in said tip portion. 

4. The catheter as claimed in claim 2, wherein 
said rigid layer is arranged such that at least a 
part of said rigid layer overlaps said coil layer. 

5. The catheter as claimed in claim 2, wherein 
said rigid layer has a rigidity reducing means 
for reducing the rigidity of said rigid layer at a 
tip side of said rigid layer. 

6. The catheter as claimed in claim 1, wherein 
said coil layer has a first portion having a 
relatively high rigidity and a second portion 
having a rigidity less than that of said first 
portion, and said second portion is positioned 
at the distal side of said catheter than the 
position of said first portion. 

7. The catheter as claimed in claim 1, wherein 
said double coil layer portion has a tip end, 
and said coil layer further includes a single coil 
layer coupled to the tip end of said double 
layer coil portion, and said single coil layer is 



formed from either of said inner or outer coil. 

8. The catheter as claimed in claim 7, wherein 
the rigidity of said inner coil is different from 

5 that of said outer coil. 

9. The catheter as claimed in claim 1, wherein 
said coil layer is arranged over a substantially 
entire length of said catheter. 

w 

10. The catheter as claimed in claim 1, wherein 
said inner layer is arranged over a substantially 
entire length of said catheter. 

75 11. The catheter as claimed in claim 10, wherein 
said inner layer has a constant inner diameter 
along the entire length of said catheter, and 
said inner layer has an inner surface which 
defines a lumen and said inner surface is 

20 formed into a smooth surface having no step 

portion. 

12. The catheter as claimed in claim 10, wherein 
said inner surface of said inner layer is formed 

25 so as to have a low frictional characteristic and 

said inner surface has a chemical resistance 
property. 

13. The catheter as claimed in claim 10, wherein 
30 said inner layer is formed of at least one 

material selected from the group consisting of 
soft fluorine-based resin, low density polyethyl- 
ene and denaturated polyolefine. 

35 14. The catheter as claimed in claim 1, wherein 
said outer layer is formed from a heat shrink- 
age resin which is shrunk when heated. 

15. The catheter as claimed in claim 1, wherein 
40 said outer layer has at the proximal side of 

said catheter a first region which is relatively 
rigid, and a second region which is positioned 
at the distal side from said first region and 
which is relatively flexible. 

45 

16. The catheter as claimed in claim 15, wherein 
said outer layer has a coupling section dis- 
posed between said first and second regions 
for coupling these regions, and said coupling 

so section has a rigidity between the rigidities of 

said first and second regions. 

17. The catheter as claimed in claim 1, further 
comprising a hydrophilic lubricant layer pro- 

55 vided around said inner layer and/or said outer 

layer. 
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18. The catheter as claimed in claim 17, wherein 
said hydrophilic lubricant layer has anti-throm- 
bogenic property. 

19. The catheter as claimed in claim 1, wherein 
said catheter further includes a distal end por- 
tion which has the largest flexibility among the 
portions of said catheter, and said intermediate 
layer is not arranged in said distal end portion. 

20. The catheter as claimed in claim 19, wherein 
said distal end portion includes X-ray image 
forming element. 

21. The catheter as claimed in Claim 1, wherein 
said catheter is adapted to be inserted for use 
inside a cerebral blood vessel. 



double layer coil portion composed of an inner 
coil and an outer coil, wherein said inner coil 
and said outer coil are formed from flat mem- 
bers whose ratios of thickness to width of 

5 cross section are less than 1 ; 

a guide wire which is used by being in- 
serted into a lumen defined by said inner layer 
of said catheter; and 

a guiding catheter having a lumen through 

w which said catheter is inserted. 

27. The catheter as claimed in claim 26, wherein 
said guiding catheter has inner and outer sur- 
faces, and a hydrophilic lubricant layer is ar- 
75 ranged onto said inner and/or outer surface. 



22. The catheter as claimed in Claim 21, wherein 

the outer diameter of said catheter is less than 20 
or equal to 1.0 mm. 

23. A catheter instrument, comprising: 

a catheter including an inner layer; an out- 
er layer; and an intermediate layer arranged 25 
between said inner and outer layers, said inter- 
mediate layer including a coil layer having a 
double layer coil portion composed of an inner 
coil wound in a first direction and an outer coil 
wound around the outside of said inner coil in 30 
a second direction that is opposite to said first 
direction, wherein said inner coil and said outer 
coil are formed from flat members whose ra- 
tios of thickness to width of cross section are 
less than 1 ; and 35 

a guide wire which is used by being in- 
serted into a lumen defined by said inner layer 
of said catheter. 



24. The catheter instrument as claimed in claim 40 
23, wherein said guide wire is composed of a 
core member, an X-ray image forming element 
provided at a tip portion of said core member, 

and a coating layer which covers the outer 
surface of said core member. 45 

25. The catheter instrument as claimed in claim 
23, said guide wire is composed of a core 
member, a coating layer which covers the out- 
er surface of said core member and a hydro- 50 
philic lubricant layer fixed onto the outer sur- 
face of said coating layer. 

26. A catheter instrument, comprising: 

a catheter including an inner layer; an out- 55 
er layer; and an intermediate layer arranged 
between said inner and outer layers, said inter- 
mediate layer including a coil layer having a 
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